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This  special  issue  of  Archives  of  Cardiovascular  Diseases  is  dedicated  to  the  imaging  of  con-
genital  heart  disease.  Major  advances  in  three-dimensional  (3D)  echocardiography  were
evoked  by  John  Simpson,  in  a previous  editorial.  The  following  articles,  comprising  original
research  and  reviews,  describe  various  applications  of  3D  echocardiography  in  congenital
heart  disease:  assessment  of  lesions  before  heart  surgery;  guidance  for  interventional
catheterization;  and  postoperative  follow-up.  3D  foetal  echocardiography  has,  in  turn,
also  experienced  considerable  advances,  although  imaging  constraints  remain  signiﬁcant.
I  intend  to  expand  on  the  three  domains  that  seem  the  most  promising  in  terms  of  devel-
opment  of  3D  foetal  echocardiography,  speciﬁcally:  the  advent  of  foetal  matrix  transducer
probes  and  of  real-time  3D  echocardiography;  automated  3D  navigation  and  quantiﬁcation
tools;  and  3D  imaging  with  greater  anatomical  resemblance.
The  advent  of  matrix  transducer  probes  has  changed  the  face  of  3D  echocardiogra-
phy.  For  a  long  time,  3D  acquisition  was  mechanical,  with  motorized  systems  external
to  the  phased  array  transducer  probe.  3D  echocardiography  was  neither  real-time  in  its
acquisition  (several  minutes  are  required  during  transducer  probe  rotation)  nor  in  its
reconstruction  (several  hours  are  required  to  obtain  volume  imaging).  Furthermore,  elec-
trocardiograph  monitoring  requirements  rendered  3D  acquisition  impossible  in  the  foetus.
The  ﬁrst  matrix  transducer  probes  appeared  in  2002.  Therefore,  3D  echocardiography
became  real-time  in  terms  of  both  acquisition  and  visualization.  The  ﬁrst  matrix  trans-Cardiopathie
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ducer  probes  were  of  low  resolution,  and  were  restricted  to  transthoracic  use  in  adults.
Then,  higher  resolution  and  more  ergonomic  transducer  probes  extended  their  sphere  of
application  to  children  and  to  a  transoesophageal  approach.  We  have  studied  the  feasibility
of  real-time  3D  echocardiography  in  the  foetus  using  a  paediatric  matrix  transducer  probe
Abbreviations: 3D, three-dimensional; STIC, spatiotemporal image correlation.
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Figure 1. Live three-dimensional imaging of the normal heart of
a 30-week foetus, with the x6-1 xMATRIX array transducer (Philips
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bMedical Systems, Bothell, WA, USA). Extraction of the four-chamber
view in a volume.
[1].  The  contribution  of  the  real-time  biplane  mode  to
optimizing  foetal  morphological  analysis  (particularly  ves-
sel  outﬂow  tracts,  which  are  difﬁcult  to  distinguish  using
two-dimensional  echocardiography)  has  been  demonstrated
elsewhere  [2].  But  only  recently  did  the  ﬁrst  abdominal
matrix  transducer  probe  designed  for  foetal  3D  echocar-
diography  appear.  We  have  reported  on  its  feasibility  in  80
foetuses  in  the  absence  of  heart  disease  (Fig.  1)  [3]. The
ergonomy  and  resolution  of  the  transducer  probe  made  it
compatible  with  clinical  use,  particularly  because  matrix
transducer  probes  cover  all  other  modes  (M-mode,  two-
dimensional,  ﬂow  and  tissue  Doppler  imaging).  Further
studies  are  required,  especially  including  foetuses  with  con-
genital  heart  disease,  to  conﬁrm  the  superiority  of  the
matrix  system  in  foetal  cardiac  3D  echocardiography.
3D  volume  acquisition,  even  in  real-time,  is  not  the
overarching  solution,  as  it  is  still  necessary  to  navigate
within  this  volume.  Other  3D  acquisition  systems  preceded
the  matrix,  and  used  spatial-temporal  investigation  systems
(spatiotemporal  image  correlation  [STIC]).  3D  acquisition
was  mechanical  (scanning  probe)  and  navigation  was  free-
hand,  which  made  obtaining  cross-sectional  views  very
laborious.  Recent  automatic  recognition  software  should
render  the  use  of  STIC  easier  (Foetal  Intelligent  Naviga-
tion  Echocardiography  [FINE])  [4].  Automatic  retrieval  of
cross-sectional  views  may  facilitate  morphological  analysis
of  the  foetal  heart,  particularly  by  video  transmission.  The
3D  matrix  has  also  assimilated  a  system  of  automatic  view
recognition  (Foetal  Heart  Navigator);  the  pertinence  of  this
system  in  clinical  practice  is  yet  to  be  established  [3].  Com-
pared  with  morphological  analysis,  3D  echocardiography  is
an  asset  to  volume  quantiﬁcation.  Ventricular  volume  mea-
surement,  widely  validated  in  adult  echocardiography,  is
still  complicated  in  the  foetus  because  of  the  very  small  size
of  the  foetal  heart.  Recent  studies  have  demonstrated  the
feasibility  of  left  and  right  ventricular  volume  measurement
in  the  foetus,  providing  information  on  ejection  fractions
and  cardiac  debit  combined  [5].
D
Tigure 2. Printed three-dimensional model of the neonatal heart
ith complex congenital heart disease (double outlet left ventri-
le).
3D  echocardiography  allows  visualization  of  intracardiac
natomy,  which  is  much  closer  to  reality  and  easier  to  com-
rehend  than  2D  echocardiography;  its  ﬁelds  of  application
n  children  and  adults  are  far  reaching,  ranging  from  valvular
eart  disease  to  various  forms  of  congenital  heart  disease,
articularly  interatrial  communication  and  3D  guidance  of
ercutaneous  closure.  In  the  foetus,  3D  echocardiography
as  demonstrated  its  superiority  in  its  description  of  sur-
ical  repair  in  the  double  outlet  right  ventricle  [6]. The
act  remains  that  3D  echocardiography  can  be  theoretical
nd  difﬁcult  to  interpret  for  non-users.  It  is  the  dream  of
ny  cardiac  surgeon  to  hold  the  model  of  a  heart  in  his  or
er  hand  and  form  a  picture  of  intracardiac  repair.  That
ream  is  realised  with  3D  printing,  which  is  enabled  nowa-
ays  by  volume  acquisition  produced  by  a  cardiac  computed
omography  scanner  or  echocardiography  [7].  Studies,  which
re  limited  to  date,  offer  hope  for  a  multitude  of  applica-
ions  in  congenital  heart  disease,  especially  interventricular
ommunication  and  vascular  malposition  (Fig.  2).  The  cur-
ent  cost  of  3D  foetal  printing  is  too  high  for  use  in  clinical
ractice.
To  conclude,  although  3D  echocardiography  in  adults  and
hildren  has  met  with  great  success,  imaging  constraints
emain  high  in  foetuses.  3D  foetal  echocardiography  must
reak  free  from  these  limitations,  and  improve  its  ergon-
my  and  resolution  before  it  can  be  used  in  clinical  practice
y  specialists  in  congenital  heart  disease.isclosure of interest
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